Segmenting echographic images is a di@cult task due to their low contrast and to the presence of speckle. This paper presents .an original mbust B-Spline snake based on a novel external energy. Our approach combines anisotropic dtrusion with the pmcess of curve evolution by using a local coeflcient of variation and the Tukey's error norm. This makes the snake robust TO speckle. At each iteration the algorithm computes an edge image, and derives 5 new external energy based on the amplisude and direction of the gradient of the upper mentioned coeflcient. The method has been tested on echocardographic images of a 12-week old foetus. The results, presented with different parameter$, show a significant improvement.
Introduction
Ultrasound (US) images are ubiquitous in cardiology. US imaging is real-time, non-radioactive, non-invasive and inexpensive. However, US imagery is characterized by low signal to noise ratio, low contrast between tissues and speckle contamination causing erroneous detection of cavities boundaries. Active contour models (snakes) deal with some of those limitations. They consider boundaries as inherently connected smooth curves. A snake is a curve that evohes from an initial position towards the boundary of an object, minimizing some energy functional A B-spline snake is an energy minimizing spline parameterized by its control points. The smoothness of the snake is implicitly given by the B-spline model 
Proposed external energy
It is well known that filtering efficiently images improves the quality of segmentation. Thus the first step of our segmentation method is to filter the image with anisotropic diffusion. In 1141, we proposed a robust anisotropic diffusion that uses an original diffusion tensor to effectively filter out speckle. This tensor is based on LCV and on Tukey's robust error norm. Considering LCV as an edge detector we create a new external energy term tailored to detect the heart cavities boundaries.
The anisotropic diffusion is performed by solving the following PDE : 
where S(s(u)) denotes the unit normal vector of the Bspline snake curve s.
Curve evolution
The optimal segmentation corresponds to the 3-spline snake that minimizes the total energy : where a is a parameter empirically defined, and E, is the total energy of s. We use the steepest descend algorithm to find that minimum. Let T be the sampIidg rate of the curve and L the number of knots, LT points are sampled. For each iteration the total lenght of the curve is approximated by : 
4.

Discussion and conclusions
In order to control the global smoothness of the curve the distance d k between two knots is evaluated, d,+ = If d k is lower than a threshold dlow a knot is added to decrease smoothness. If d k is higher than the threshold dhigh a knot is removed to increase smoothness.
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Results
The model has been applied to an ultrasound video sequence of the four cardiac chambers view of a 12 weeks old fcetus. Figure 3 shows the resuIts of the algorithm for different number of knots and different parameters. Figure 3 Image (a) show the original echographic image with the 3-spline snake initialisation using 7 knots. In the same figure, images (bl), (621, (cl), (c2) and (c3) show the segmentation results corresponding to the parameters shown in table 1. The number of knots in image (c3) was adaptively calculated by the algorithm. We notice that greater number of knots and a lower value of alpha lead to better results. However this tends to increase the computation time. A balanced number of knots (figure 3 (c2)) gives acceptable edge detection while keeping a low complexity.
In this paper we have presented our algorithm for a robust segmentation of echographic images using B-spline snakes. Unlike other approaches the external energy term uses the local coefficient of variation (LCV) to improve robustness to speckle. An edge image is created after an anisotropic diffusion step, based on the LCV gradient amplitude. The internal energy term forces the snakes to maintain a parameterization close to the curvilinear abscissa, and so ensures the smoothness of the curve. The experimental results on echocardiographic images are very encouraging. The limitation of this method is the significant number of parameters to be fixed by the user. We are currently investigating the automation of the algorithm. 
